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Clinical PerspectiveWhat Is New?We identified race/ethnicity differences in subclinical CVD in late midlife women with thicker carotid walls in black women, wider arterial diameter in Chinese women and less carotid plaque in black and Hispanic women compared with white women.Cumulative cardiometabolic risk factor burden from early to late midlife, (including higher blood pressure, obesity, and an adverse lipid profile), were associated with worse subclinical CVD in late midlife.The relationship between midlife CVD risk factor burden and level of subclinical CVD in late midlife was similar across racial/ethnic groups.What Are the Clinical Implications?The midlife represents a window of increased cardiovascular risk and an opportunity for CVD prevention and early intervention in women.CVD prevention strategies should target traditional CVD risk factors in all racial/ethnic groups in early midlife.Unmeasured socioeconomic, cultural, and nontraditional biological risk factors likely play a role in racial/ethnic differences in vascular health and merit further exploration.

Introduction {#jah34744-sec-0008}
============

Cardiovascular disease (CVD) remains the primary cause of mortality and a significant contributor to morbidity among women of all races/ethnicities in the United States.[1](#jah34744-bib-0001){ref-type="ref"} Certain racial/ethnic groups experience a greater burden of disease, with black women experiencing a higher prevalence of CVD morbidity and total and premature CVD mortality.[1](#jah34744-bib-0001){ref-type="ref"} The racial/ethnic distribution of CVD risk factors across a woman\'s life span is not uniform, with specific groups exposed to greater risk factor burden.[2](#jah34744-bib-0002){ref-type="ref"} For example, black and Hispanic women have a higher prevalence of hypertension and diabetes mellitus compared with non‐Hispanic white and Asian women.[3](#jah34744-bib-0003){ref-type="ref"}, [4](#jah34744-bib-0004){ref-type="ref"} Yet differences in traditional CVD risk factors do not fully explain racial/ethnic CVD disparities. Furthermore, the strength of the associations between some CVD risk factors and CVD mortality differ by race and ethnicity.[5](#jah34744-bib-0005){ref-type="ref"} In the National Health and Nutrition Examination Survey (NHANES III) population, Framingham risk factors predicted CVD mortality equally well in non‐Hispanic whites and blacks and Mexican Americans; however, older age was more strongly associated with CVD mortality in non‐Hispanic whites and high‐density lipoprotein cholesterol (HDL‐C) in Mexican Americans.[5](#jah34744-bib-0005){ref-type="ref"}

Markers of subclinical vascular disease can be leveraged to assess the effects of specific exposures on the vasculature before clinical CVD events occur.[6](#jah34744-bib-0006){ref-type="ref"} For example, carotid ultrasound derived intima‐media thickness (IMT), interadventitial diameter (IAD), and plaque presence predict CVD events[7](#jah34744-bib-0007){ref-type="ref"}, [8](#jah34744-bib-0008){ref-type="ref"}, [9](#jah34744-bib-0009){ref-type="ref"}, [10](#jah34744-bib-0010){ref-type="ref"} and may worsen during the menopause, a time of increasing CVD risk for midlife women.[11](#jah34744-bib-0011){ref-type="ref"}, [12](#jah34744-bib-0012){ref-type="ref"} Furthermore, there are known differences in the extent of subclinical vascular disease by race/ethnicity,[11](#jah34744-bib-0011){ref-type="ref"}, [13](#jah34744-bib-0013){ref-type="ref"}, [14](#jah34744-bib-0014){ref-type="ref"}, [15](#jah34744-bib-0015){ref-type="ref"} although most studies have been limited to comparisons between black versus white women, with little data on other US racial/ethnic groups specifically among midlife women. These studies have shown that compared with white women, black women have greater IMT, particularly in the common carotid artery (CCA).[13](#jah34744-bib-0013){ref-type="ref"}, [14](#jah34744-bib-0014){ref-type="ref"}, [16](#jah34744-bib-0016){ref-type="ref"} More recently the MESA (Multi‐Ethnic Study of Atherosclerosis) reported thicker CCA‐IMT in middle‐to‐older‐age black women relative to white, Hispanic, and Chinese women.[17](#jah34744-bib-0017){ref-type="ref"} Wider carotid adventitial diameter, a measure of vascular remodeling, has also been observed among black women,[18](#jah34744-bib-0018){ref-type="ref"}, [19](#jah34744-bib-0019){ref-type="ref"} although not consistently across studies.[20](#jah34744-bib-0020){ref-type="ref"}, [21](#jah34744-bib-0021){ref-type="ref"} In contrast, and not consistent with their increased cardiometabolic risk burden, some population‐based studies have reported lower prevalence of carotid plaque in black and Hispanic women as compared with white women.[12](#jah34744-bib-0012){ref-type="ref"}, [22](#jah34744-bib-0022){ref-type="ref"}

While the data suggest racial/ethnic differences in the extent of subclinical vascular disease, results have not been consistent and certain racial/ethnic groups remain understudied. Moreover, observed racial/ethnic differences in these subclinical vascular disease markers have not necessarily aligned with corresponding patterns in CVD risk factor burden, suggesting that specific CVD risk factors may differentially affect the vasculature across racial/ethnic groups.[18](#jah34744-bib-0018){ref-type="ref"}, [22](#jah34744-bib-0022){ref-type="ref"}, [23](#jah34744-bib-0023){ref-type="ref"}, [24](#jah34744-bib-0024){ref-type="ref"}, [25](#jah34744-bib-0025){ref-type="ref"} Furthermore, most studies have not specifically focused on midlife, typically the period directly before the onset of clinical CVD in women increases, which presents an opportunity for prevention and early intervention. We took advantage of one of the more comprehensive cohort studies of midlife women, the SWAN (Study of Women\'s Health Across the Nation), to assess (1) racial/ethnic differences in indices of vascular health measured at late midlife in 4 racial/ethnic groups (white, black, Hispanic, and Chinese) and (2) whether the association between early‐to‐late midlife time‐averaged cumulative CVD risk factor burden and indices of vascular health varies by race/ethnicity. We hypothesized that in all women a greater burden of CVD risk factors from early to late midlife would be associated with worse vascular health in late midlife, specifically thicker CCA‐IMT, wider IAD, and greater plaque burden in the carotid artery. We further hypothesized that the association between blood pressure and measures of arterial remodeling (CCA‐IMT and IAD) would be stronger in black women compared with white women.[26](#jah34744-bib-0026){ref-type="ref"}

Methods {#jah34744-sec-0009}
=======

Transparency and Reproducibility {#jah34744-sec-0010}
--------------------------------

SWAN provides access to public use data sets that extend through the 10th annual follow‐up visit. Some, but not all, of the data used for this article are contained in the public use data sets. Members of the scientific community who are interested in working with the SWAN data that are not contained in the public use data sets may submit an application to become a SWAN Investigator. Links to each of the public use data sets, as well as instructions for how to apply for SWAN Investigator status, are located on the SWAN web site: <http://www.swanstudy.org/swan-research/data-access/>. Investigators who require assistance accessing the public use data set or applying for SWAN investigator status may contact the SWAN Coordinating Center at the following email address: <swanaccess@edc.pitt.edu>.

Study Population {#jah34744-sec-0011}
----------------

SWAN is a multi‐ethnic, community‐based, longitudinal study of the natural history of the menopausal transition. It enrolled 3302 women at 7 field sites throughout the United States (Boston, MA; Chicago, IL; Detroit, MI; Los Angeles, CA; Oakland, CA; Newark, NJ; and Pittsburgh, PA). Each site recruited white women plus 1 other racial‐ethnic group; black women (Pittsburgh, Chicago, Michigan, Boston), Chinese women (Oakland), Japanese women (Los Angeles), and Hispanic women (Newark). The study design has been previously described.[27](#jah34744-bib-0027){ref-type="ref"} At the baseline visit, the cohort consisted of nonpregnant women, aged 42 to 52 years, with an intact uterus and at least 1 ovary, who reported having at least 1 menstrual period in the preceding 3 months, and not using hormone therapy in the preceding 3 months. Women were enrolled in 1996 to 1997 and have been followed approximately annually. The institutional review board at each participating site and at the Data Coordinating Center (University of Pittsburgh) approved the study protocol, and all participants provided a written informed consent before enrollment.

The sample for the current analysis consists of participants who had a carotid ultrasound examination during either the 12th or 13th follow‐up clinic visit. The Los Angeles, CA site did not participate in the carotid ultrasound protocol, and therefore white and Japanese women from this site were not included. Of the 1984 women who participated in carotid examination visits (SWAN visits 12 or 13), 1704 attended an in‐person clinic visit (280 women did not because of home/phone interview visits, scheduling problems, and refusals). A carotid examination was completed on 1620 of these women. Carotid data on 14 (0.9%) women were not usable because of poor quality or missing images, resulting in 1606 women with any carotid measures. Women reporting a history of CVD (myocardial infarction, stroke, revascularization, or angina) at the time of the carotid examination, or bilateral oophorectomy or indeterminate menopausal status because of hormone therapy use or hysterectomy, before the final menstrual period were excluded from the current analyses (n=249). Thus, the present analysis includes 1357 SWAN women.

Data Collection {#jah34744-sec-0012}
---------------

Study participants underwent annual study visits consisting of (1) interviewer‐administered questionnaires to ascertain sociodemographic information, medication use (including antihypertensive agents, lipid‐lowering and diabetes mellitus medications and hormone therapy), current smoking status, and medical history including self‐reported CVD status, (2) physical measures (height, weight, blood pressure), and (3) a morning blood draw following an overnight fast (minimum 10 hours). Menopausal status was based on self‐reported frequency and regularity of menstrual bleeding and classified into the following categories: (1) premenopausal (a menstrual period within past 3 months and no change in regularity), (2) early perimenopausal (at least 1 menstrual period within past 3 months and change in regularity), (3) late perimenopausal (3 consecutive months of amenorrhea), (4) postmenopausal (≥12 months of amenorrhea), (5) surgical menopausal (bilateral oophorectomy with or without hysterectomy), and (6) indeterminate menopausal status (hormone therapy use or hysterectomy before final menstrual period). Because the majority of women were postmenopausal, for analyses, pre‐ and perimenopausal status categories were combined. Race/ethnicity was self‐reported at baseline and categorized as black, non‐Hispanic white, Hispanic, Chinese, and Japanese. Education was assessed at baseline and classified as high school or less, some college/vocational, and college or more.

Systolic blood pressure (SBP) and diastolic blood pressure measurements were taken in the right arm while participants were seated with feet flat on floor following at least 5 minutes of sitting quietly. The average of 2 sequential readings was used in the analyses. Height and weight were measured without shoes. Height was measured by a stadiometer. Weight was measured with light indoor clothing using calibrated scales. Body mass index (BMI; kg/m^2^) was calculated based on these measures. Hypertension was defined as having a SBP reading ≥130 mm Hg, or a diastolic blood pressure ≥85 mm Hg at the carotid examination visit, or ever reporting use of antihypertensive treatment at any visit. Women were considered to have diabetes mellitus if they reported diabetes mellitus or had fasting glucose levels ≥126 mg/dL or reported any use of insulin/antidiabetic agents at ≥70% of the visits or for ≥3 consecutive visits. Hormone therapy use was assessed using longitudinal data from baseline to the study visit corresponding to the carotid scan and coded as never, past, or current.

Blood was separated, frozen, and sent on dry ice to the Medical Research Laboratory, Lexington, KY, for study visits 0 to 7, and to the University of Michigan for study visits 12 and 13. Because of limited resources, biomarker assays were only available at visits 0 to 7 and visits 12 or 13. All laboratories are Clinical Laboratory Improvement Act certified and accredited by the College of American Pathologists. Visit 0 to 7 plasma lipids were measured using a Hitachi 747‐200 clinical analyzer; cholesterol using an automated cholesterol oxidase assay, triglycerides using an automated glycerol kinase enzymatic assay, and HDL‐C following precipitation of low‐density lipoprotein (LDL) and very low‐density lipoprotein with heparin and manganese chloride by the modified Lipid Research Clinics procedure.[28](#jah34744-bib-0028){ref-type="ref"} For visits 0 to 7, serum glucose was measured by automated enzymatic assay on a Hitachi 747‐200 chemistry analyzer using the hexokinase reaction and serum insulin in duplicate by competitive binding radioimmunoassay.[28](#jah34744-bib-0028){ref-type="ref"} Coefficient of variation ranged from 0.8% to 8% for the visit 0 to 7 analytes. A Siemens ADVIA 2400 automated chemistry analyzer (Siemens Healthcare Diagnostics, Deerfield, IL) was used to measure visit 12 and 13 lipids and glucose at the University of Michigan Pathology Laboratory, Ann Arbor, MI. EDTA‐treated plasma was used to determine lipid fractions. Total cholesterol and triglycerides were determined using a coupled enzymatic method.[29](#jah34744-bib-0029){ref-type="ref"}, [30](#jah34744-bib-0030){ref-type="ref"} The ADVIA Direct‐HDL Cholesterol method measured HDL‐C in serum and plasma without prior separation, based on procedures developed by Izawa, Okada, and Matsui.[31](#jah34744-bib-0031){ref-type="ref"} Serum glucose was measured using a 2‐step enzymatic reaction that utilizes hexokinase and glucose‐6‐phosphate dehydrogenase enzymes.[32](#jah34744-bib-0032){ref-type="ref"} At Visit 12/13, serum insulin was measured at the University of Michigan, CLASS laboratory using the ADVIA Centaur Insulin assay, a 2‐site sandwich immunoassay using direct chemiluminescent technology that uses constant amounts of 2 antibodies.[33](#jah34744-bib-0033){ref-type="ref"} Intra‐ and interassay precision expressed as coefficient of variation ranged from 0.2% to 4.7% for the visit 12/13 analytes. For all visits, LDL cholesterol (LDL‐C) was calculated using the Friedewald formula (LDL‐C=(Cholesterol)−(HDL‐C)−(Triglycerides/5); LDL‐C was not calculated when triglycerides were ≥400 mg/dL.[34](#jah34744-bib-0034){ref-type="ref"}

### Time‐averaged cumulative exposure to traditional cardiovascular risk factors {#jah34744-sec-0013}

Continuous traditional CVD risk factor variables were selected a priori (SBP, diastolic blood pressure, BMI, waist, LDL‐C, HDL‐C, triglycerides, and fasting insulin and glucose) based on prior literature. A measure of time‐averaged cumulative CVD risk factor burden was calculated by computing the area under the curve of serial values from baseline to carotid visit and dividing by follow‐up years. The area under the curve was computed using the trapezoidal rule by first computing the area of each time interval and summing the results. Because LDL‐C was determined only when triglyceride levels were \<400 mg/dL, person‐visit observations with triglyceride levels ≥400 mg/dL were excluded from area under the curve calculations for LDL‐C.

For the time‐averaged cumulative CVD risk factors of interest, data from at least 80% of visits were available for 67% to 79% of participants. Individual person‐time observations that were missing for cumulative risk factor levels averaged over time were not included. With an area under the curve algorithm, this effectively is the same process as imputing each missing value by interpolation based on the observed values before and after the missing measurement. The categorical variables were assessed using longitudinal data from baseline to the study visit corresponding to the carotid scan and coded as (1) never or ever use (lipid lowering, antihypertensive and diabetes mellitus medication use) or (2) never, past, or current (smoking status).

### Subclinical vascular measures {#jah34744-sec-0014}

At each site, centrally trained and certified sonographers obtained ultrasound images of the left and right carotid arteries using a Terason t3000 Ultrasound System (Teratech Corp, Burlington, MA) equipped with a variable frequency 5 to 12 MHz linear array transducer. Two digitized images for later reading were obtained of the left and right distal CCA at end‐diastole. From each of these 4 images, using a semi‐automated edge detection software,[35](#jah34744-bib-0035){ref-type="ref"} near and far wall CCA‐IMT measures were obtained by electronically tracing the lumen‐intima interface and the media‐adventitia interface across a 1‐cm segment proximal to the carotid bulb. CCA IAD was measured directly as the distance from the adventitial‐medial interface on the near wall to the medial‐adventitial interface on the far wall across the same CCA segments used for CCA‐IMT measurement. For both CCA‐IMT and IAD measures, the mean of the average measurements across the 4 images were used in analyses. Images were read centrally at the SWAN Ultrasound Reading Center (University of Pittsburgh Ultrasound Research Lab). Reproducibility was evaluated at each site. Reproducibility of IMT measures was good to excellent with an intraclass correlation coefficient between sonographers of ≥0.77 and between readers of \>0.90. Sonographers at each site evaluated the presence of plaque in each of 5 segments of the left and right carotid artery (distal and proximal CCA, carotid bulb, and proximal internal and external carotid arteries) as previously described.[36](#jah34744-bib-0036){ref-type="ref"} Consistent with the Mannheim consensus statement,[37](#jah34744-bib-0037){ref-type="ref"} plaque was defined as a distinct area protruding into the vessel lumen that was at least 50% thicker than the adjacent IMT. The SWAN Ultrasound Reading Center assessed centrally the quality of all carotid images obtained at each site and using images and clips provided by the sites confirmed the presence and extent of plaque. The presence (yes/no) of any plaque was used for analysis. Identical scanning and reading protocols have been used previously.[12](#jah34744-bib-0012){ref-type="ref"}, [38](#jah34744-bib-0038){ref-type="ref"}

Statistical Analyses {#jah34744-sec-0015}
--------------------

Descriptive statistics in the overall population as well as by race/ethnicity were calculated to summarize study variables at baseline and at the carotid visit. Continuous variables were examined for departure from normality and outliers and transformation was applied to these variables as appropriate. In these analyses, triglycerides, insulin, and glucose were log‐transformed. To initially compare individual risk factors and vascular measures by race/ethnicity, ANOVA was used for continuous variables, and χ^2^ test for categorical variables.

Multivariable linear regression (CCA‐IMT, IAD) and logistic regression (plaque presence) were used to assess relationships between CVD risk factors and the vascular measures. Spearman correlation coefficients were calculated to identify CVD risk factors that were correlated with each of the continuous subclinical vascular outcomes. Logistic regression was used to identify individual risk factors associated with plaque presence. Variables having a significant association with a *P*≤0.1 were included in multivariable analyses. Additionally, all primary multivariable models included the following variables: site, race/ethnicity, age at carotid visit, education, smoking status, and use of antihypertensive, lipid‐lowering, and diabetes mellitus medications.

Interactions between race/ethnicity and the 10 a priori selected CVD risk factors (BMI, SBP, HDL‐C, LDL‐C, glucose, insulin, smoking status, and use of diabetes mellitus, antihypertensive, and lipid‐lowering medications) were examined individually to test whether the relations of risk factors found to be relevant to a vascular measure varied by race/ethnicity. These race/ethnicity and CVD risk factor interactions were determined a priori. To account for the large number of tests of interactions with race/ethnicity, a more conservative threshold (*P*\<0.01) was used to assess statistical significance. Non‐Hispanic white (henceforth referred to as white) women were the reference group for all analyses. To further investigate whether predictors of each subclinical vascular measure vary by race/ethnicity, exploratory analyses of racial/ethnic‐specific models were carried out for each vascular outcome with statistically significant race/ethnicity interactions. For these exploratory analyses, to address the small sample size in the Chinese and Hispanic groups, backward elimination was used to derive a parsimonious model. All models included variables found to be significant at *P*\<0.1. For some racial/ethnic‐specific models, levels of categorical covariates were collapsed because of small numbers; past and current smoking status and hormone use were collapsed into ever smoking and hormone use, respectively, for Chinese and Hispanic women. Finally, because different laboratories were used for assaying biomarkers in visits 0 to 7 compared with visits 12 and 13, we ran sensitivity analyses excluding visits 12 and 13 data from the estimates of time‐averaged cumulative exposure. For these sensitivity analyses, only baseline to visit 7 data were used for time‐averaged cumulative exposure variables and covariates. All data analyses were performed using SAS version 9.3 (SAS Institute Inc, Cary, NC).

Results {#jah34744-sec-0016}
=======

Study Population at Carotid Examination Visit {#jah34744-sec-0017}
---------------------------------------------

SWAN women included in these analyses attended their carotid examination visit, on average, 13.7 years after their baseline visit (range: 12.3--15.4 years). The majority were postmenopausal with an average age of 60 (range: 54--67) years. Nearly half reported at least a college degree, and the majority were never smokers at the time of the carotid examination visit (Table [1](#jah34744-tbl-0001){ref-type="table"}). White, black, Chinese, and Hispanic women represented 51%, 29%, 13%, and 7% of the study sample, respectively.

###### 

Characteristics, CVD Risk Factors, and Subclinical Vascular Measures of SWAN Study Population at Carotid Exam Visit by Race/Ethnicity

                                  Overall (N=1357)   White (N=697)   Black (N=393)   Chinese (N=179)   Hispanic (N=88)   *P* Value[a](#jah34744-note-0003){ref-type="fn"}
  ------------------------------- ------------------ --------------- --------------- ----------------- ----------------- --------------------------------------------------
  Age, y                          59.7 (2.7)         59.7 (2.7)      59.4 (2.6)      60.1 (2.6)        59.9 (2.9)        0.0105
  Education, n (%)                                                                                                       
  \< HS                           303 (22.6)         99 (14.3)       95 (24.7)       52 (29.1)         57 (67.1)         \<0.0001
  Some college                    408 (30.4)         199 (28.7)      157 (40.8)      33 (18.4)         19 (22.4)         
  ≥ College                       631 (47.0)         395 (57.0)      133 (34.5)      94 (52.5)         9 (10.6)          
  Smoking status, n (%)                                                                                                  
  Never smoker                    822 (60.6)         366 (52.5)      232 (59.0)      167 (93.3)        57 (64.8)         \<0.0001
  Past smoker                     408 (30.1)         275 (39.5)      103 (26.2)      10 (5.6)          20 (22.7)         
  Current smoker                  127 (9.4)          56 (8.0)        58 (14.8)       2 (1.1)           11 (12.5)         
  Menopausal status, n (%)                                                                                               
  Pre/perimenopause               38 (2.89)          19 (2.7)        12 (3.0)        3 (1.7)           4 (4.5)           0.6051
  Postmenopause                   1319 (97.2)        678 (97.3)      381 (97.0)      176 (98.3)        84 (95.5)         
  Hypertension, n (%)             726 (54.1)         323 (46.9)      285 (72.9)      55 (30.7)         63 (75.0)         \<0.0001
  Diabetes mellitus, n (%)        180 (13.3)         73 (10.5)       69 (17.6)       16 (8.9)          22 (25.0)         \<0.0001
  Medication ever use, n (%)                                                                                             
  Antihypertensive                648 (47.8)         278 (39.9)      257 (65.4)      57 (31.8)         56 (63.6)         \<0.0001
  Lipid lowering                  436 (32.2)         210 (30.1)      143 (36.4)      48 (26.8)         37 (40.7)         0.0314
  Diabetes mellitus               169 (12.5)         70 (10.0)       64 (16.3)       15 (8.4)          20 (22.7)         \<0.0001
  Hormone use, n (%)                                                                                                     
  Never                           823 (60.7)         366 (52.5)      268 (68.2)      123 (68.7)        66 (75.0)         \<0.0001
  Past                            456(33.6)          274 (39.3)      110 (28.0)      52 (29.1)         20 (22.7)         
  Current                         78 (5.8)           57 (8.2)        15 (3.8)        4 (2.2)           2 (2.3)           
  Subclinical vascular measures                                                                                          
  CCA IMT, mm                     0.79 (0.12)        0.78 (0.11)     0.84 (0.13)     0.76 (0.12)       0.80 (0.11)       \<0.0001
  CCA AD, mm                      7.19 (0.66)        7.10 (0.62)     7.39 (0.71)     7.23 (0.60)       7.03 (0.64)       \<0.0001
  Any plaque, n (%)               599 (44.2)         329 (47.2)      156 (39.9)      88 (49.2)         26 (29.6)         0.0019

Data are presented as mean (SD) for continuous variables and frequency (percentages) for categorical variables. AD indicates interadventitial diameter; CCA, common carotid artery; CVD, cardiovascular disease; HS, high school; IMT, intima‐media thickness; SWAN, Study of Women\'s Health Across the Nation.

*P* value is for the comparison across racial/ethnic groups; χ^2^ or Fisher exact tests were used for the categorical variables, and ANOVA was used for the continuous variables.

CVD Risk Factors and Subclinical Vascular Measures by Race/Ethnicity {#jah34744-sec-0018}
--------------------------------------------------------------------

Age varied modestly by race/ethnicity, with Chinese women being older on average than the other groups. Hispanic women were less educated, and black and Hispanic women were more likely to be current smokers (Table [1](#jah34744-tbl-0001){ref-type="table"}). As compared with white women (the reference group for all race/ethnicity comparisons in subsequent analyses), Hispanic and black women were more likely to report use of medications for cardiometabolic conditions. Time‐averaged cumulative CVD risk factors selected a priori differed across racial/ethnic groups with the exception of LDL‐C (Figure [1](#jah34744-fig-0001){ref-type="fig"}; Table [S1](#jah34744-sup-0001){ref-type="supplementary-material"}). In general, CVD risk factors appeared to be less favorable in black and Hispanic women and more favorable in Chinese women including measures of obesity, blood pressure, HDL‐C, and fasting insulin. All subclinical vascular measures varied by race/ethnicity (Table [1](#jah34744-tbl-0001){ref-type="table"}). In unadjusted analyses, compared with white women, black women had significantly thicker CCA‐IMT and both black and Chinese women had significantly wider IAD (*P*\<0.05 for all comparisons). Black and Hispanic women had significantly lower plaque prevalence than white women (*P*\<0.05 for both comparisons).

![Boxplots of time‐averaged cumulative CVD risk factors by race/ethnicity in late midlife women (n=1357); with exception of LDL‐C, all risk factors varied by race/ethnicity, overall *P*\<0.05. BMI indicates body mass index; CVD,cardiovascular disease; DBP, diastolic blood pressure; LDL‐C, low density lipoprotein cholesterol; SBP, systolic blood pressure.](JAH3-9-e013876-g001){#jah34744-fig-0001}

Time‐Averaged Cumulative CVD Risk Factor Exposure and Race/Ethnicity as Predictors of Subclinical Vascular Measures {#jah34744-sec-0019}
-------------------------------------------------------------------------------------------------------------------

In multivariable models, race/ethnicity was a significant predictor of CCA‐IMT, IAD, and plaque presence (Table [2](#jah34744-tbl-0002){ref-type="table"}).

###### 

Multivariable Regression Models of the Relationship Between Race/Ethnicity and CVD Risk Factors With Subclinical Vascular Disease[a](#jah34744-note-0005){ref-type="fn"}

  Parameter                                                                                                      CCA‐IMT, mm (n=1307)   AD, mm (n=1309)   Plaque Presence (n=1336)                                 
  -------------------------------------------------------------------------------------------------------------- ---------------------- ----------------- -------------------------- --------- ------------------- ---------
  Race/ethnicity                                                                                                                        \<0.001                                      \<0.001                       \<0.001
  White (reference)                                                                                              ···                    ···               ···                        ···       ···                 ···
  Black                                                                                                          0.0317 (0.008)         \<0.001           0.0632 (0.0438)            0.149     0.52 (0.38, 0.71)   \<0.001
  Chinese                                                                                                        0.0168 (0.013)         0.198             0.318 (0.0709)             \<0.001   1.07 (0.65, 1.76)   0.790
  Hispanic                                                                                                       −0.0114 (0.0207)       0.581             −0.1834 (0.1131)           0.105     0.18 (0.08, 0.40)   \<0.001
  Age                                                                                                            0.0045 (0.0012)        \<0.001           0.0107 (0.0064)            0.093     1.06 (1.01, 1.11)   0.010
  Education                                                                                                                             0.153                                        0.359                         0.018
  \< HS (reference)                                                                                              ···                    ···                                                    ···                 ···
  Some college                                                                                                   0.0012 (0.0086)        0.892             −0.0177 (0.0469)           0.705     1.03 (0.74, 1.44)   0.841
  ≥ College                                                                                                      −0.0117 (0.0083)       0.162             −0.0593 (0.0455)           0.193     0.72 (0.52, 0.99)   0.041
  Smoking status                                                                                                                        0.489                                        0.038                         0.017
  Never smoker (reference)                                                                                       ···                    ···                                                    ···                 ···
  Past smoker                                                                                                    0.0058 (0.0069)        0.399             0.0672 (0.0376)            0.074     0.92 (0.71, 1.21)   0.578
  Current smoker                                                                                                 −0.007 (0.0109)        0.522             0.1304 (0.0597)            0.029     1.75 (1.15, 2.66)   0.009
  Cumulative BMI[b](#jah34744-note-0006){ref-type="fn"}                                                          0.0015 (0.0006)        0.011             0.0213 (0.0033)            \<0.001   1.02 (0.99, 1.04)   0.192
  Cumulative SBP[b](#jah34744-note-0006){ref-type="fn"}                                                          0.0022 (0.0003)        \<0.001           0.0162 (0.0016)            \<0.001   1.02 (1.01, 1.03)   \<0.001
  Cumulative LDL‐C[b](#jah34744-note-0006){ref-type="fn"}                                                        0.0003 (0.0001)        0.013             −0.001 (0.0007)            0.125     1.01 (1.00, 1.01)   0.007
  Cumulative HDL‐C[b](#jah34744-note-0006){ref-type="fn"}                                                        −0.0003 (0.0002)       0.161             −0.0029 (0.0013)           0.029     1.00 (0.99, 1.01)   0.656
  Cumulative fasting glucose[b](#jah34744-note-0006){ref-type="fn"}, [c](#jah34744-note-0007){ref-type="fn"}     0.0408 (0.017)         0.017             0.1782 (0.0929)            0.055     1.66 (0.84, 3.29)   0.142
  Cumulative fasting insulin[b](#jah34744-note-0006){ref-type="fn"}, [c](#jah34744-note-0007){ref-type="fn"}     −0.0062 (0.0096)       0.518             −0.0741 (0.0521)           0.155     0.91 (0.63, 1.31)   0.593
  Diabetes mellitus medication[b](#jah34744-note-0006){ref-type="fn"}, [d](#jah34744-note-0008){ref-type="fn"}   0.0261 (0.0114)        0.022             0.0584 (0.0621)            0.347     1.31 (0.85, 2.03)   0.219
  Antihypertensive medication[b](#jah34744-note-0006){ref-type="fn"}, [d](#jah34744-note-0008){ref-type="fn"}    0.001 (0.0074)         0.893             −0.0039 (0.0405)           0.922     1.30 (0.98, 1.74)   0.071
  Lipid‐lowering medication[b](#jah34744-note-0006){ref-type="fn"}, [d](#jah34744-note-0008){ref-type="fn"}      −0.0015 (0.0074)       0.842             −0.0561 (0.0405)           0.166     0.94 (0.70, 1.24)   0.645
  Hormone use                                                                                                                           0.553                                        0.046                         0.274
  Never (reference)                                                                                              ···                    ···               ···                        ···       ···                 ···
  Past                                                                                                           0.0047 (0.0066)        0.469             0.0888 (0.0357)            0.013     0.88 (0.69, 1.14)   0.329
  Current                                                                                                        0.0124 (0.0131)        0.344             0.0339 (0.0715)            0.636     0.68 (0.41, 1.14)   0.146
  Menopausal status                                                                                                                                                                                                
  Pre/peri (reference)                                                                                           ···                    ···               ···                        ···       ···                 ···
  Post                                                                                                           −0.0048 (0.0183)       0.795             0.06 (0.1001)              0.549     1.35 (0.65, 2.80)   0.425

AD indicates interadventitial diameter; BMI, body mass index; CCA, common carotid artery; CVD, cardiovascular disease; HS, high school; IMT, intima media thickness; HDL‐C, high density lipoprotein cholesterol; LDL‐C, low density lipoprotein cholesterol; OR, odds ratio; SBP, systolic blood pressure.

Linear regression was used for CCA‐IMT and AD and logistic regression for plaque presence. In addition to all the variables listed in the table, which were considered together in the model, these models also adjusted for site.

"Cumulative" refers to continuous traditional CVD risk factor variables proposed a priori as a measure of time‐averaged cumulative CVD risk burden and calculated by computing the area under the curve of serial values from baseline to carotid visit.

Log‐transformed.

Ever users compared with never users.

### Common carotid artery‐intima media thickness {#jah34744-sec-0020}

#### Predictors {#jah34744-sec-0021}

Black race, age, time‐averaged cumulative BMI, SBP, LDL‐C, and fasting glucose and ever use of diabetes mellitus medications were significantly associated with thicker CCA‐IMT in multivariable analyses (Table [2](#jah34744-tbl-0002){ref-type="table"}).

#### Effect modification by race/ethnicity {#jah34744-sec-0022}

Race/ethnicity modified the association between time‐averaged cumulative HDL‐C and CCA‐IMT (*P*=0.008). Specifically, the inverse association between time‐averaged cumulative HDL‐C and CCA‐IMT was observed in Chinese and Hispanic women but not in white or black women. The estimated associations between HDL‐C and CCA‐IMT by race/ethnicity are presented in Figure [2](#jah34744-fig-0002){ref-type="fig"} using the mean value for the other continuous covariates in the model. No other race/ethnicity moderation was noted.

![Predicted mean and 95% confidence limits for CCA‐IMT using mean values of covariates by race/ethnicity (n=1307). AUC indicates area under the curve; BMI, body mass index; CCA‐IMT, common carotid artery-- intima media thickness; GLU, glucose; HDL‐C HDL cholesterol; hrm, hormone use.](JAH3-9-e013876-g002){#jah34744-fig-0002}

### Interadventitial diameter {#jah34744-sec-0023}

#### Predictors {#jah34744-sec-0024}

In the overall population, Chinese ethnicity, current smoking, past hormone use, and time‐averaged cumulative BMI, SBP, and lower HDL‐C were significantly associated with wider IAD (Table [2](#jah34744-tbl-0002){ref-type="table"}).

#### Effect modification by race/ethnicity {#jah34744-sec-0025}

No statistically significant race/ethnicity and risk factor interactions were observed for models predicting IAD.

### Plaque {#jah34744-sec-0026}

#### Predictors {#jah34744-sec-0027}

As compared with white women, black and Hispanic women were less likely to have plaque. Significant predictors of plaque presence were age, lower educational attainment, current smoking, and time‐averaged cumulative SBP and LDL‐C (Table [2](#jah34744-tbl-0002){ref-type="table"}).

#### Effect modification by race/ethnicity {#jah34744-sec-0028}

The only significant race/ethnicity interaction observed was with ever use of diabetes mellitus medications (*P*=0.004, Figure [3](#jah34744-fig-0003){ref-type="fig"}). The odds of plaque were statistically significantly higher in women reporting ever use of diabetes mellitus medication compared with never users but only in white (odds ratio=2.20, 95% CI=1.16--4.16) and Hispanic women (odds ratio=3.26, 95% CI=1.07--9.96; Figure [3](#jah34744-fig-0003){ref-type="fig"}). These data should be interpreted with caution since only 15 Chinese and 20 Hispanic women in these analyses reported ever using diabetes mellitus medication.

![Odds ratio and 95% CI for plaque presence in ever users of diabetes mellitus medication compared with never users by race/ethnicity (n=1336), \**P*\<0.05.](JAH3-9-e013876-g003){#jah34744-fig-0003}

Exploratory Racial/Ethnic‐Specific Models of Time‐Averaged Cumulative CVD Risk Factors as Predictors of Subclinical Vascular Measures {#jah34744-sec-0029}
-------------------------------------------------------------------------------------------------------------------------------------

### Common carotid artery‐intima media thickness {#jah34744-sec-0030}

In all racial/ethnic groups, age and either higher time‐averaged cumulative SBP or ever use of antihypertensive medications predicted thicker CCA‐IMT (Table [3](#jah34744-tbl-0003){ref-type="table"}). In addition, time‐averaged cumulative BMI in white and black women, and ever use of diabetes mellitus medication in black women predicted thicker IMT. Consistent with the race/ethnicity and HDL‐C interaction detected in the overall multivariable model, lower HDL‐C predicted thicker CCA‐IMT in Chinese women and Hispanic women.

###### 

Race/Ethnicity--Specific Multivariable Linear Regression Models of CVD Risk Factors and CCA‐IMT

  Parameter                                                             White (n=691)[a](#jah34744-note-0010){ref-type="fn"}   Black (n=370)[a](#jah34744-note-0010){ref-type="fn"}   Chinese (n=178)   Hispanic (n=85)                                                  
  --------------------------------------------------------------------- ------------------------------------------------------ ------------------------------------------------------ ----------------- ----------------- ------------------ --------- ----------------- -------
  Age                                                                   0.0039 (0.0014)                                        0.006                                                  0.0048 (0.0025)   0.057             0.007 (0.0032)     0.038     0.0084 (0.0038)   0.03
  Cumulative BMI[b](#jah34744-note-0011){ref-type="fn"}                 0.0016 (0.0007)                                        0.020                                                  0.0016 (0.0009)   0.086                                                            
  Cumulative SBP[b](#jah34744-note-0011){ref-type="fn"}                 0.0022 (0.0004)                                        \<0.0001                                               0.0019 (0.0005)   \<0.001                                        0.0038 (0.0012)   0.002
  Cumulative LDL‐C[b](#jah34744-note-0011){ref-type="fn"}               0.0003 (0.0002)                                        0.047                                                                                                                                     
  Cumulative HDL‐C[b](#jah34744-note-0011){ref-type="fn"}                                                                                                                                                                 −0.0023 (0.0006)   \<0.001   −0.0029 (0.001)   0.005
  Cumulative fasting glucose[c](#jah34744-note-0012){ref-type="fn"}     0.041 (0.0193)                                         0.034                                                                                                                                     
  Diabetes mellitus medication[d](#jah34744-note-0013){ref-type="fn"}                                                                                                                 0.0619 (0.0183)   \<0.001                                                          
  Antihypertensive medication[d](#jah34744-note-0013){ref-type="fn"}                                                                                                                                                      0.051 (0.018)      0.005                       

BMI indicates body mass index; CCA, common carotid artery; CVD, cardiovascular disease; HDL‐C, high density lipoprotein cholesterol; IMT, intima‐media thickness; LDL‐C, low density lipoprotein cholesterol; SBP, systolic blood pressure.

In addition to all the variables listed in the table, the model for white and black women also includes site.

"Cumulative" refers to continuous traditional CVD risk factor variables proposed a priori as a measure of time‐averaged cumulative CVD risk burden and calculated by computing the area under the curve of serial values from baseline to carotid visit.

Log‐transformed.

Ever users compared with never users.

### Plaque {#jah34744-sec-0031}

Time‐averaged cumulative SBP predicted greater plaque prevalence in all groups except Hispanic women (Table [4](#jah34744-tbl-0004){ref-type="table"}). Higher time‐averaged cumulative fasting glucose in white women and current smoking in white and black women were associated with greater plaque presence. Although only marginally statistically significant, use of diabetes mellitus medication was associated with greater plaque prevalence in Hispanic women, consistent with the race/ethnicity interaction in the overall model.

###### 

Race/Ethnicity‐Specific Multivariable Logistic Regression Models of CVD Risk Factors and Carotid Plaque Presence

  Risk Factor                                                                                                  OR (95% CI)                                                 
  ------------------------------------------------------------------------------------------------------------ ------------------- ------------------- ------------------- -------------------
  Age                                                                                                                                                                      1.20 (1.01, 1.42)
  Smoking status                                                                                                                                                           
  Never smoker (reference)                                                                                     ···                 ···                                     
  Past smoker                                                                                                  1.01 (0.72, 1.40)   1.01 (0.62, 1.66)                       
  Current smoker                                                                                               2.61 (1.41, 4.86)   1.85 (1.00, 3.43)                       
  Cumulative SBP[b](#jah34744-note-0016){ref-type="fn"}                                                        1.03 (1.01, 1.05)   1.03 (1.01, 1.04)   1.03 (1.01, 1.06)   
  Cumulative LDL‐C[b](#jah34744-note-0016){ref-type="fn"}                                                      1.01 (1.00, 1.02)                                           
  Cumulative fasting glucose[b](#jah34744-note-0016){ref-type="fn"}, [c](#jah34744-note-0017){ref-type="fn"}   3.46 (1.40, 8.57)                                           
  Diabetes mellitus medication[d](#jah34744-note-0018){ref-type="fn"}                                                                                                      2.69 (0.92, 7.92)
  Antihypertensive medication[d](#jah34744-note-0018){ref-type="fn"}                                           1.53 (1.06, 2.20)                                           

CVD indicates cardiovascular disease; LDL‐C, low density lipoprotein cholesterol; OR, odds ratio; SBP, systolic blood pressure.

In addition to all the variables listed in the table, the model for white and black women also includes site.

"Cumulative" refers to continuous traditional CVD risk factor variables proposed a priori as a measure of time‐averaged cumulative CVD risk burden and calculated by computing the area under the curve of serial values from baseline to carotid visit.

Log‐transformed,

Ever users compared with never users.

Sensitivity Analyses {#jah34744-sec-0032}
--------------------

In sensitivity analyses, excluding visit 12/13 CVD risk factor data and limiting determination of risk factors to data from baseline to visit 7, predictors of vascular measures in the overall population were largely similar to those observed in the main analyses with some attenuation of the association estimates (Table [S2](#jah34744-sup-0001){ref-type="supplementary-material"}).

Discussion {#jah34744-sec-0033}
==========

This is one of the first studies to examine racial/ethnic differences in the association between time‐averaged cumulative midlife CVD risk factor levels and various indices of vascular health in a large population‐based multiethnic cohort of women in late midlife, a period of increasing CVD risk.[39](#jah34744-bib-0039){ref-type="ref"} Consistent with prior studies, we found generally a worse risk factor profile in black and Hispanic women and more favorable profile in Chinese and white women. However, the relative burden of subclinical vascular disease across racial/ethnic groups did not consistently align with their CVD risk factor profiles. Compared with white women, measures of carotid arterial remodeling (CCA‐IMT and IAD) were worse in black women, similar in Hispanic women, and worse or similar in Chinese women. However, carotid plaque was less prevalent in black and Hispanic women and of similar prevalence in Chinese women. Despite the racial/ethnic inconsistency between subclinical vascular disease burden and CVD risk factors assessed across the menopause transition, there was no strong evidence that the associations between traditional CVD risk factors and individual subclinical vascular measures differed by race/ethnicity. One novel and notable exception was the inverse association between time‐averaged cumulative HDL‐C and CCA‐IMT, which was only apparent in Chinese and Hispanic women. Other pathways beyond traditional CVD risk factors, involving unmeasured socioeconomic, sociocultural, and nontraditional biological risk factors likely play a role and merit further exploration.

It is well documented that black and Hispanic women have higher rates of major risk factors for CVD compared with white women, including in our population of late‐midlife women.[1](#jah34744-bib-0001){ref-type="ref"}, [2](#jah34744-bib-0002){ref-type="ref"}, [3](#jah34744-bib-0003){ref-type="ref"} Our findings of thicker CCA‐IMT and wider IAD in black women are consistent with their worse cardiometabolic risk profile, including higher rates of hypertension, and are similar to other studies,[16](#jah34744-bib-0016){ref-type="ref"}, [40](#jah34744-bib-0040){ref-type="ref"}, [41](#jah34744-bib-0041){ref-type="ref"} including more recent data from MESA, the largest multiethnic population‐based study of subclinical CVD in the United States.[17](#jah34744-bib-0017){ref-type="ref"}, [41](#jah34744-bib-0041){ref-type="ref"} In contrast we found no difference in measures of vascular remodeling between Hispanic and white women, also consistent with MESA findings of similar CCA‐IMT (0.86 and 0.87 mm, in Hispanic and white women, respectively).[17](#jah34744-bib-0017){ref-type="ref"} However, MESA did report wider IAD in Hispanic women as compared with white women, which may be because of their inclusion of a wider age range (45--84 years) with older women past the midlife stage.

Despite their higher CVD risk factor burden, in black and Hispanic women we found a lower prevalence of carotid plaque, focal thickening more likely to reflect atherosclerotic lesions. The literature on racial/ethnic differences in carotid plaque is less consistent and more sparse. Most studies have reported no difference[16](#jah34744-bib-0016){ref-type="ref"} or less carotid plaque in black populations[42](#jah34744-bib-0042){ref-type="ref"} and less carotid plaques in Hispanic populations[22](#jah34744-bib-0022){ref-type="ref"}, [42](#jah34744-bib-0042){ref-type="ref"} as compared with their white counterparts. However, these studies have examined younger populations[16](#jah34744-bib-0016){ref-type="ref"} or have not focused on midlife women.[22](#jah34744-bib-0022){ref-type="ref"}, [42](#jah34744-bib-0042){ref-type="ref"} In a younger and smaller subgroup of SWAN, there was no difference in carotid plaque presence between black and white women, but women were on average 10 years younger than the present cohort when burden of subclinical atherosclerosis is considerably less.[16](#jah34744-bib-0016){ref-type="ref"} Racial differences in arterial geometry and atherogenesis have been implicated as a potential explanation for lower prevalence of plaque in black individuals.[43](#jah34744-bib-0043){ref-type="ref"} A narrower internal carotid artery and a wider external carotid artery have been reported in greater proportions in blacks as compared with whites or Caribbean Hispanics.[43](#jah34744-bib-0043){ref-type="ref"} Moreover, a higher prevalence of intracranial versus extracranial atherosclerosis has been reported in individuals of African, Hispanic, and Asian ancestries as compared with whites[44](#jah34744-bib-0044){ref-type="ref"} and implicated as the more prevalent cause of ischemic stroke in blacks and Hispanics compared with whites.[45](#jah34744-bib-0045){ref-type="ref"}

In line with our findings, in the NOMAS (Northern Manhattan Study), one of the earliest studies examining subclinical CVD in US Hispanics, internal carotid artery plaque thickness and prevalence was significantly lower in older Hispanic women compared with white women.[22](#jah34744-bib-0022){ref-type="ref"}, [46](#jah34744-bib-0046){ref-type="ref"} The lower prevalence of carotid plaque, and no difference in vascular remodeling, in Hispanic women compared with their white counterparts in our study of late midlife is consistent with the "Hispanic paradox." This phenomenon refers to Hispanic and Latino Americans tending to have certain health outcomes, including CVD and overall mortality, comparable to or better than those of US whites, despite generally worse risk factors including lower socioeconomic status (SES) and less healthcare access.[47](#jah34744-bib-0047){ref-type="ref"}, [48](#jah34744-bib-0048){ref-type="ref"} A recent paper examining CVD mortality across Hispanic subgroups suggests that current classification of Hispanics into 1 group may mask heterogeneity in CVD[47](#jah34744-bib-0047){ref-type="ref"} and is consistent with SWAN findings of significant heterogeneity in CVD risk factors across Hispanic subgroups.[49](#jah34744-bib-0049){ref-type="ref"} We were unable to explore similar heterogeneity in measures of vascular aging, given the smaller numbers in the Hispanic ethnic group. Future studies with greater number of individuals across Hispanic subgroups are needed to address this question.

Subclinical vascular data are even sparser in Chinese midlife women living in the United States. Chinese women in SWAN had a generally healthier CVD risk profile, namely, fewer smokers, hypertensives, lower BMI/waist, and higher HDL‐C, yet they had a wider arterial diameter and did not differ in burden of subclinical atherosclerosis as compared with white women. One potential explanation for these findings is substantiated by studies reporting a higher risk of diabetes mellitus and CVD risk factors at lower levels of BMI in Asian ancestry populations.[50](#jah34744-bib-0050){ref-type="ref"} Chinese women in our study were also older than the other groups, which may partially account for our findings. Consistent with our findings, Chinese women in MESA had significantly wider IAD as compared with white women (adjusted β: MESA 0.36 mm and SWAN 0.32 mm).[41](#jah34744-bib-0041){ref-type="ref"} Less consistent were MESA findings that Chinese women had thinner CCA‐IMT[51](#jah34744-bib-0051){ref-type="ref"} and were less likely to develop new carotid plaques at follow‐up, as compared with their white counterparts.[42](#jah34744-bib-0042){ref-type="ref"} Nonetheless, our finding of wider carotid arterial diameter in late midlife Chinese women is notable and merits exploration given the predictive value of IAD for future events[8](#jah34744-bib-0008){ref-type="ref"} and positive associations with left ventricular mass.[41](#jah34744-bib-0041){ref-type="ref"}

Greater early to late midlife burden of CVD risk factors, including higher blood pressure and BMI and an adverse lipid profile, were associated with greater subclinical vascular disease in late midlife women. Our findings build on prior studies in younger[52](#jah34744-bib-0052){ref-type="ref"} and older populations[25](#jah34744-bib-0025){ref-type="ref"} and in midlife women around the menopause transition.[53](#jah34744-bib-0053){ref-type="ref"}, [54](#jah34744-bib-0054){ref-type="ref"} Contrary to our hypotheses, based on our assessment of several indices of carotid vascular health, the association between time‐averaged cumulative traditional CVD risk factor levels and the vasculature of late midlife women did not appear to vary by race/ethnicity. One novel departure from this pattern was the inverse association between HDL‐C and CCA‐IMT, which was only apparent in Chinese and Hispanic women. These findings are intriguing in light of recent research on the conflicting protective effects of HDL‐C on the vasculature, in particular in women and during the menopause transition.[55](#jah34744-bib-0055){ref-type="ref"} Largely consistent with our findings, in the recent USE‐IMT individual participant meta‐analysis of \>60 000 individuals, the direction of associations between traditional CVD risk factors and CCA‐IMT were similar across racial/ethnic groups, although the magnitudes of the associations in some cases varied.[25](#jah34744-bib-0025){ref-type="ref"}

There are several potential explanations for our findings. Measures of vascular health, such as CCA‐IMT, in certain groups (eg, blacks) may represent a different phenotype, less reflective of atherosclerosis and more of blood pressure--mediated arterial remodeling.[26](#jah34744-bib-0026){ref-type="ref"} This is in line with our findings of thicker CCA‐IMT but lower carotid plaque prevalence in black women and with MESA findings of weak association between carotid artery IMT and coronary artery calcification in blacks versus other racial/ethnic groups.[17](#jah34744-bib-0017){ref-type="ref"} Surprisingly, we did not find evidence for a stronger association between blood pressure and CCA‐IMT in black women, although a much greater proportion of black women were on antihypertensive medication at the time of the vascular assessment.

Our findings may also point to the importance of unmeasured and nontraditional CVD risk factors. In the multi‐ethnic NOMAS study, traditional CVD risk factors explained only 11% of the variance in IMT.[56](#jah34744-bib-0056){ref-type="ref"} Similarly, most traditional CVD risk scores have not consistently performed well in predicting events in different racial/ethnic groups,[5](#jah34744-bib-0005){ref-type="ref"}, [57](#jah34744-bib-0057){ref-type="ref"} although the recent ASCVD pooled risk score shows evidence of improved prediction for subclinical CVD in black populations.[58](#jah34744-bib-0058){ref-type="ref"} Furthermore, adjusting for behavioral factors that differ by racial/ethnic groups, and thus, are potential pathway factors, such as diet, physical activity, and smoking, have not explained away a significant proportion of the differential CVD risk across racial/ethnic groups.[59](#jah34744-bib-0059){ref-type="ref"}, [60](#jah34744-bib-0060){ref-type="ref"}, [61](#jah34744-bib-0061){ref-type="ref"} In our analyses, adjusting for education and smoking status did not explain the racial/ethnic differences in subclinical vascular disease burden in late midlife women.

Other CVD risk factors not considered in our study, such as markers of inflammation and coagulation, which vary by race/ethnicity,[62](#jah34744-bib-0062){ref-type="ref"} may exert stronger vascular effects in certain racial/ethnic groups of women.[63](#jah34744-bib-0063){ref-type="ref"}, [64](#jah34744-bib-0064){ref-type="ref"} Future studies examining the vascular effect of more specific markers of inflammation and coagulation in population‐based studies with a sufficient number of midlife women from multiple racial/ethnic groups may be warranted. Finally, genetic factors may explain some of the racial/ethnic differences in vascular outcomes and are of great interest in precision cardiovascular medicine.[65](#jah34744-bib-0065){ref-type="ref"} For example, recent evidence from a whole genome sequencing study suggests that certain variants of the LPA gene may confer greater relative risk for subclinical atherosclerosis in blacks as compared with the directly measured biomarker Lp(a).[66](#jah34744-bib-0066){ref-type="ref"} However, current evidence of the genetic contribution to CVD racial disparities at the population level remains controversial.[67](#jah34744-bib-0067){ref-type="ref"}

It is well established that low SES and multilevel social determinants are associated with increased CVD risk[68](#jah34744-bib-0068){ref-type="ref"} and subclinical vascular measures,[36](#jah34744-bib-0036){ref-type="ref"}, [69](#jah34744-bib-0069){ref-type="ref"} although not consistently in the same direction across racial/ethnic groups.[40](#jah34744-bib-0040){ref-type="ref"}, [70](#jah34744-bib-0070){ref-type="ref"} In the Healthy Aging in Neighborhoods of Diversity Across the Life Span study, thicker CCA‐IMT in blacks versus whites appeared to be particularly evident in the high SES group.[70](#jah34744-bib-0070){ref-type="ref"} These findings support the diminishing returns hypothesis that the benefits of higher SES may not be experienced equally across racial/ethnic groups and in particular among black populations. However, in late midlife women, we did not observe a race and education interaction for any of the subclinical vascular disease measures.

Our findings should be interpreted with several limitations in mind. The Chinese and Hispanic race/ethnicity groups had small numbers, which potentially limited the power to detect important group differences and risk factor associations. We did not measure IMT of the full carotid segment, which may mask or attenuate certain risk factor associations given that IMT in the common carotid segment may represent more adaptive diffuse wall thickening of the arterial medial layer as opposed to focal atherosclerotic lesions more prone to develop in arterial segments with increased turbulent flow.[71](#jah34744-bib-0071){ref-type="ref"} However, we did ascertain the presence of atherosclerotic plaque in all visible carotid arterial segments. Because carotid measures were not obtained on the overall SWAN cohort at an earlier time point, we only have assessment of carotid atherosclerosis in late midlife and thus cannot rule out existing subclinical CVD at the baseline visit. Inherent in observational study designs, causality cannot be inferred for relationships examined. We do not have measures of most CVD risk factors before midlife and cannot exclude the possibility that CVD risk factors accumulating since childhood and young adulthood may be as important in predicting subclinical vascular burden in late midlife.[72](#jah34744-bib-0072){ref-type="ref"} Finally, race/ethnicity in the United States is confounded by SES, and the construct of ethnicity includes individuals of any race.[73](#jah34744-bib-0073){ref-type="ref"} Nonetheless, despite their limitations, the constructs of race and ethnicity remain important for exploring and addressing inequities in health and health care.

Our study has significant strengths that bolster the findings and add to the existing literature. Our current work extends previous findings of racial/ethnic differences in subclinical vascular disease burden to women in the late midlife period, a significant period of increasing CVD risk for women, because of CVD risk factor changes attributable to both chronological and ovarian aging.[28](#jah34744-bib-0028){ref-type="ref"}, [54](#jah34744-bib-0054){ref-type="ref"}, [74](#jah34744-bib-0074){ref-type="ref"} Few studies in midlife women have focused on racial/ethnic groups other than white and black women. The SWAN cohort is a large, well‐characterized multiethnic cohort prospectively followed with extensive biological, behavioral, and SES data collected through the menopause transition. Finally, we used several well‐established indices of subclinical vascular disease that have been linked to future CHD, myocardial infarction, and stroke events, making them ideal for studying women in late midlife, a time when significant events have not accrued yet CVD risk is increasing.

In conclusion, in late midlife women carotid arterial measures of vascular remodeling and atherosclerosis vary by race/ethnicity, but these differences do not consistently align with racial/ethnic differences in traditional CVD risk factors assessed from early to late midlife. Furthermore, we provide evidence that, in general, the association between traditional CVD risk factors and vascular health does not appear to vary by race/ethnicity. Studies with larger cohorts, including greater numbers of heterogeneous racial/ethnic groups, and multilevel assessments of sociocultural, socioeconomic, and novel biological and genetic factors are needed to shed light on the mechanisms explaining racial/ethnic disparities in subclinical and clinical CVD.
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